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SYSTEM FOR EFFICIENT DRAINAGE OF BODY CAVITY 

________ — — . . , _J 

Background of the Invention 

Field of the Invention 

This invention relates to the field of drainage of gas and fluid from a body cavity, 
and, for example, applies to problems associated with draining a chest cavity. 
Description of the Related Art 

When a mammalian chest cavity contains gas and/or fluid, a lung cannot function 
normally. One way to relieve this problem is to evacuate the problematic gas and/or fluid 
by a drainage system. Also, in certain procedures such as, for example, open heart surgery, 
accumulating blood needs to be drained before it clots to avoid complications. 

Body cavity drainage systems typically consist of a tubular structure, either round or 
square or any other shape, made of resilient polymer such as polyvinyl chloride, silicone 
rubber, polyurethane, etc. and other components including or directing a vacuum source. 
The vacuum source can be satisfied a number of ways, including a centrally installed 
vacuum line as found in the majority of medical facilities, a portable vacuum pump 
providing vacuum generated by an electrical motor and pump, or a self-expanding spring- 
loaded blood evacuation device. A portable vacuum pump may be configured in 
accordance with the Portable Modular Chest Drainage System of U.S. Patent No. 6,352,525 
Bl. 

Traditionally, according to well-known techniques, a flexible tube made of polymer 
is inserted into the body cavity and connected to a body drainage device to remove gas 
and/or fluid. Many different sizes of drainage tubes are available, including those ranging 
from 8F to 41F. Existing chest drainage devices aje similar in design and typically include 
a fluid collection reservoir, a bubble chamber to indicate gas leaks from the chest cavity, 
and a water column to regulate vacuum pressure and prevent influx of atmospheric air in 
case vacuum pressure is lost from the drainage system. In some units, a water column is 
replaced with a pressure gauge. 

Existing chest drainage systems conventionally use a low vacuum pressure. In such 
systems, the vacuum pressure applied to the chest tube is normally -20 croH^O (= 14.7 torr) 
or less. A dry unit with a pressure gauge may use higher pressure, but only slightly higher. 
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In order to function adequately at conventional vacuum pressure, a large chest tube 
is necessary. In most existing systems, in order to increase suction area of the tube, side 
holes, two to six in number, are created. A large chest tube will cause pain at the entry site, 
increase the chance of would infection and may compress the lung or heart. While a small 
bore tube may be better tolerated by a patient, a small bore tube may not function 
adequately at conventional vacuum pressure, and the widely recognized dangers associated 
with the use of higher vacuum pressures, including damage to body tissue, have 
discouraged the use of high vacuum pressure to activate small bore drainage tubes. 

Thus, there is presently a need for a system and method for increasing drainage 
efficiency while avoiding the risk of damage to body tissue. 

Summary of the Invention 

In one embodiment, the present invention includes apparatus and methods relating 
to one or a combination of basic principles: (1) very high vacuum pressure providing an 
overall drainage force substantially higher than that used with existing systems, (2) 
minimized suction force applied directly to body tissue, (3) a compact vacuum relief valve 
that may replace a bulky conventional chest drainage device, and/or (4) a one-way check 
valve. Generally, embodiments of the present invention include very high vacuum pressure 
and a small bore drainage tube with a plurality of small side holes. The small bore drainage 
tube may include or have a connector incorporating a one-way valve. Embodiments may 
also include a vacuum chamber which may use a vacuum relief valve. 

In one embodiment, the present invention is a drainage tube having first and second 
ends. The drainage tube is constructed to receive around 50 torr or more of vacuum 
pressure at a first end. An insertion portion of the drainage tube near the second end has a 
plurality of small holes, the insertion portion adapted to be inserted into a mammalian body 
cavity. The quantity of small holes and area of each are selected to ensure that when the 
vacuum pressure is applied at the first end with the insertion portion of the drainage tube 
inserted into the body cavity, the suction force at each of the small holes is insufficient to 
cause injury to proximate body tissues. In a preferred embodiment, the drainage tube 
corresponds to sizes ranging from 4 F to 15 F (F will be understood to mean French). In 
another preferred embodiment, the area of each hole ranges from around that of a circle 
having a diameter of .5 mm to around that of a circle having a diameter of 1 mm. In yet 
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another preferred embodiment, the drainage tube has a circular cross section. The drainage 
tube may be either single or double lumen. 

In another embodiment, the present invention comprises a connector for a drainage 
tube that incorporates a one-way check valve. The one-way check valve may replace a 
bulky water seal of a conventional chest drainage system. The connector has inlet and 
outlet ends. The inlet end of the connector is coupled to the outlet end of the drainage tube. 
The connector includes a one-way valve, which may of a diaphragm type or another type. 
The one-way valve may be adapted to maintain unidirectional gas and/or fluid flow away 
from the body cavity. The one-way valve may also be adapted to prevent influx of 
atmospheric air into the body cavity if the drainage system loses vacuum pressure. 

In another embodiment, the invention comprises a vacuum chamber having a 
vacuum relief valve of a diaphragm type, spring-coil type, or another type. The vacuum 
relief valve opens to direct influx of atmospheric air into the vacuum chamber to equalize 
the vacuum pressure to a predetermined level if excess vacuum pressure builds up. Inlet 
ports of the vacuum chamber may be connected to one to three drainage tubes using 
standard connecting tubing. A gas outlet port of the vacuum chamber is connected to a 
vacuum source, either a portable vacuum pump or central vacuum line of the medical 
facility via standard connector tubing. A fluid drainage outlet port of the vacuum chamber 
is connected to a rigid fluid reservoir or a standard blood collection bag with or without 
anti-coagulant. Additional exemplary embodiments of the present invention will be 
described in more detail below. 

Brief Description of the Drawings 

Figure 1A illustrates a perspective view of a drainage tube in accordance with one 
embodiment of the present invention; 

Figure lB ^illustrates an enlarged, axial cross-sectional view near the tip of the 
drainage tube; 

FigurelC illustrates an enlarged perspective view of a connector in accordance with 
an embodiment of the present invention; and 

Figure 2 illustrates a representation of a vacuum chamber in accordance with an 
embodiment of the present invention. 
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Detailed Description 

The design and operation of a gas/fluid drainage system is influenced by many 
factors, including efficiency and safety. The efficiency of a chest tube for removing gas is 
determined by total suction force, and the safety of the drainage is determined by the 
suction force applied to the body tissue through the largest opening of the drainage tube. 

The total suction force is a product of total suction area times vacuum pressure. 
Total suction area is a sum of cross-sectional area of the open end of the tube and total 
opening areas of side holes. If the end of the tube is closed, the total suction area is a 
product of the opening area of a side hole times number of side holes. The number of side 
holes is limited by the length, diameter and wall thickness of the tube. Side holes are 
generally created only in the part of the tube that will stay inside the body cavity being 
drained. In this description, 15 cm is used as an example, though it will be appreciated that 
other lengths may be used. Also the diameter of each side hole cannot exceed a certain 
percentage of the circumference of the tube so that the tube will not lose structural strength. 

Suction force applied to a tissue surrounding the drainage tube is a product of an 
opening area of the tube and vacuum pressure applied to the drainage tube. If the suction 
force applied to the soft tissue through an opening of the drainage tube exceeds capillary 
pressure, lymph is sucked out of the capillaries, resulting in suction injury. A normal 
capillary blood pressure is 40 torr. The vacuum pressure of the body cavity remains lower 
than the applied vacuum pressure to the drainage tube until all gas/fluid of the body cavity 
is removed and the soft tissue comes in direct contact with suctioning holes. At this state of 
equihbrium, if the suction force on the soft tissue exceeds the capillary blood pressure, 
suction injury occurs. Therefore, the safety of the drainage is inversely proportional to the 
suction force per opening area of a side hole or opening area of a hole at the end of the tube, 
whichever larger. It will be appreciated that a very small opening of 1 mm 2 can exert a 
suction force that reaches a capillary blood pressure only if an extremely high vacuum 
pressure of 4,000 torr is applied to the drainage tube. If the opening is a circular hole with a 
diameter of 1 mm (an opening area = .785 mm 2 ), the critical vacuum pressure is 5,095 torr 
which is considerably higher than the vacuum pressure of current practice, around 10-15 
torr. An addition safety feature of a tiny side hole is that a soft tissue, such as a coronary 
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artery bypass vein graft, cannot be sucked into the side hole, which might cause kinking of 
the graft. 

The efficiency of draining body fluids or blood is influenced by additional factors 
such as flow rate and transit time. For removing fresh blood, a transit time through the tube 
is a critical factor because blood must be removed out of the drainage tube before it clots. 
Flow rate of fluidtolood is proportional to the vacuum pressure and the fourth power of 
internal radius of the drainage tube. Transit time is proportional to internal lumen of the 
drainage tube divided by flow rate. 

The present invention advantageously avoids injury risks, while achieving improved 
gas and fluid drainage efficiency through application of very high vacuum pressure. 
Existing chest drainage systems use a conventional vacuum pressure of 14.7 torr. 
Presently, vacuum pressure in and around the range of 25-35 torr is considered to be "high 
suction pressure." See U.S. Patent No. 6,299,593 Bl. Advantageously, and by sharp 
contrast, the present invention may use much higher vacuum pressures, preferably in the 
range of 50-500 torr or even more. 

Currently, most, if not all, major medical facilities have a centralized vacuum' 
source. The vacuum pressure from such source is typically regulated by a vacuum gauge 
mounted on a wall. A disposable plastic canister for fluid collection is also installed. 
Normally the vacuum pressure is adjusted by a wall-mounted gauge in a range of 0 to 500 
torr. A similar range of vacuum pressure or even substantially higher vacuum pressure can 
be readily generated by existing battery-powered DC motor-vacuum pumps. 

A small bore drainage tube for high vacuum pressure suction may be made of 
polymer such as polyurethane, silicone rubber or other biocompatible flexible polymer. 
The drainage tube may derive support and vacuum distribution benefit from a coaxial 
double-lumen structure, see U.S. Patent No. 6,299,593 Bl, or may be a single-lumen 
structure with a plurality of small side holes. Flow rate of fluid is proportional to the fourth 
power of the radius of the tube. A very high vacuum pressure compensates for the 
reduction of flow rate by small caliber tube. The small caliber tube provides easier, less 
painful insertion and removal. 

Figure 1 A illustrates a perspective view of a drainage tube 101 in accordance with 
one embodiment of the present invention. The drainage tube 101 includes a first portion 
102 without side holes, and a second portion 103 with side holes. One end is closed with an 
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end plug 104 and the other end 106 is coupled to a connector 105 having a one-way check 
valve 107. The free end 108 of the connector 105 is adapted to be connected to a vacuum 
source. 

Figure IB illustrates an enlarged, axial cross-sectional view near the tip of the 
drainage tube 101. The drainage tube 101 has a central bore 110. The wall of the drainage 
tube 101 is perforated to include small side holes 111 which communicate vacuum pressure 
from the central bore 110 to matter outside the drainage tube 101. The side holes 111 need 
not be circular. The end plug 104 prevents communication of vacuum pressure from the 
central bore 110 through the tip of the drainage tube 101. 

Figure 1C illustrates an enlarged perspective view of the connector 105. The 
connector 105 includes a one-way valve 107. A first end 109 of the connector 105 is 
configured to be connected to an end of the drainage tube 101, and the other end 108 of the 
connector 105 is configured to be connected to a vacuum source via a standard connecting 
tube. The one-way valve 107 may be a diaphragm type valve or another type of one-way 
valve. 

Figure 2 illustrates a representation of a vacuum chamber in accordance with an 
embodiment of the present invention. The vacuum chamber 201 is interposed between a 
drainage tube 101 and a vacuum source. The vacuum chamber 201 has an inlet port 202, a 
gas outlet port 206, and a fluid drainage outlet port 203. It will be appreciated that the 
vacuum chamber 201 may have more than one inlet port 202, and may, for example, have 
two or three inlet ports. The gas outlet port 206 is configured to be connected to a vacuum 
source via a standard connecting tube. The fluid drainage outlet port 203 may be 
configured to be connected to a fluid collection bag such as, for example, a standard blood 
collection bag (with or without anticoagulants), or a rigid fluid collection reservoir (see 
U.S. Patent No. 6,352,525 Bl). 

The vacuum chamber 201 may have' baffles 205 to separate gas and fluid. Fluid is 
drained by gravity through the fluid drainage outlet port 203, while gas is removed through 
the gas outlet port 206. A vacuum relief valve 204 may be installed in a wall of the vacuum 
chamber 201. The vacuum relief valve 204 regulates the level of maximal vacuum pressure 
inside the vacuum chamber 201 (and thus of a central bore of a drainage tube connected to 
the vacuum chamber) at a predetermined level. 
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In one embodiment, the vacuum relief valve is a spring-loaded type (see U.S. Patent 
No. 6,352,525 Bl), but may be another type of vacuum relief valve such as, for example, a 
diaphragm type similar to the one-way valve used with the connector 105. 

The gas outlet port 206 of the vacuum chamber 201 is adapted to be connected to a 
source of vacuum pressure, preferably in the range of 50-500 torr, although pressures both 
lower and higher could be used. For drainage of viscous materials such as, for example, 
pus from an abscess may require substantially higher suction force which can be generated 
by much higher vacuum pressure, e.g., 2,000 torr. A standard central vacuum line that is 
currently available at the majority of medical facilities cannot reach such a high vacuum 
pressure, but a portable vacuum pump can. At this extremely high vacuum pressure of 
2,000 torr, suction force through a circular side hole with a diameter of 1 mm is 0.2 N, 
which still remains at only 20% of the suction force generated by a conventional 28F chest 
tube at a conventional vacuum pressure of 14.7 torr. 

The vacuum relief valve 204 of the vacuum chamber 201 advantageously provides 
protection against unexpected and potentially dangerous applications of vacuum pressure in 
excess of the range that may be safely applied to the small caliber tube. In particular, in one 
embodiment, the vacuum relief valve 204 may open at a predetermined vacuum pressure 
threshold. The predetermined vacuum pressure threshold will depend on the characteristics 
of the drainage tube 101, but, generally, will be set at a level designed to minimize the risk 
of injury that could be caused by the suction force presented at any hole in the drainage 
tube. When the vacuum relief valve 204 opens due to presence of vacuum pressure 
exceeding the predetermined vacuum pressure threshold, the valve then directs substantial 
vacuum pressure force to dissipate with influx of atmospheric air into the vacuum chamber 
201, equalizing the threshold. The vacuum relief valve 204 ensures that unsafe suction 
force will not be applied to body tissue in the cavity being drained. 

The one-way valve of the connector 105 also advantageously provides protection 
against accidental disconnection of the drainage tube 101 from the vacuum source, which 
can result in the complication of atmospheric air being sucked into the body cavity. It will 
be readily appreciated that a one-way valve may be used to maintain vacuum pressure in 
one direction into a vacuum conduit. Thus, the drainage tube 101 with the one-way valve 
107 can be used alone as a passive gas removing device, particularly when the degree of gas 
leak from the lung is minimal. 
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Side holes 111 in the drainage tube 101 will increase the total suction area of the 
drainage tube 101. The number of side holes 111 in the drainage tube 101 may be 
constrained by the circumference of the drainage tube 101. In one configuration, side holes 
111 are created around the drainage tube 101. The distribution of side holes 111 along the 
tube 101 may be at a constant interval or progressively increasing interval or in any 
combination. The number and size of side holes 111 may be selected to maximize the total 
suction area without compromising the mechanical strength of the tube 101. 

For a 12F tube as an example, four side holes 1 1 1 of diameter of 1 mm (1 x 10~ 3 m) 
may be created per circumference and along 15 cm tube, 65 holes per line can be made 
without losing structural strength. Thus a total number of side holes 111 is 260 and total 
suction area is 2.041 x 10" 4 m 2 . If the diameter of each side hole 111 is reduced to 50% 
(0.5mm), 1,040 side holes 111 can be created. The total suction area is, however, the same, 
2.041 x 10" 4 m 2 , in either of these exemplary drainage tubes 101, and thus the total suction 
pressure is identical. 

If vacuum pressure of 100 torr is applied to a side hole of 1 mm in diameter, the 
suction force through the opening is 7.85 x 10" 5 torr.m 2 (100 xtcx 0.0005 2 ) or 1.0466 x 
10" 2 N (N will be understood to mean Newtons). If the diameter of the side hole 111 is 
reduced to half, 0.5 mm, the suction force through the opening decreases to 1.96 x 10' 5 
torr.m 2 or 2.616 x 10" 3 N. This means that the drainage tube 101 with a side hole 111 of 
0.5 mm in diameter is four times safer than the drainage tube 101 with a side hole 111 of 1 
mm in diameter at the same vacuum pressure applied to the drainage tube. 

When a vacuum pressure is applied to one end of the drainage tube 101 and the 
other end is inserted into a body cavity containing fluid, the flow rate of the drained fluid 
through the drainage tube 101 is proportional to the vacuum pressure and the fourth power 
of the internal radius. A typical size of a conventional drainage tube for drainage of blood 
from the mediastinum following open heart surgery is 36F and its internal diameter is about 
8 mm. If the vacuum pressure is increased from the conventional 14.7 to 500 torr, the 
internal radius of the drainage tube can be reduced from 4 mm to 1.6563 mm (14.7 x 4 4 = 
500 R 4 ), while maintaining the same flow rate. If the wall thickness of the drainage tube is 
0.5 mm, the size of this tube is 13F. A 13F tube can be inserted into a chest cavity through 
a needle puncture using an existing percutaneous insertion kit. The outer diameter of a 13F 
tube is significantly smaller than that of a 36F tube, and thus causes less pain at the site of 
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skin penetration. The space taken up by one 36F tube is equivalent to 7.7 of 13F tubes. 
Therefore, another 13F drainage tube can be added to double the flow rate without 
compromising the space inside the chest cavity. Because of the very small puncture hole 
required for insertion, the incidence of wound infection is lower than that associated with 
the surgical incision required for insertion of a conventional larger tube. 

The present invention may operate with a vacuum chamber as described in U.S. 
Patent No. 6,352,525 Bl. It will be appreciated that additional inlet ports may be added, for 
example, two additional inlet ports. So configured, the vacuum chamber may accept up to 
three drainage tubes 101. A vacuum relief valve of the vacuum chamber may be a spring- 
loaded type as described in U.S. Patent No. 6,352,525 Bl, or a diaphragm type as illustrated 
in Figure 2 or any other type that opens at the preset threshold to allow influx of 
atmospheric air to maintain the vacuum pressure of the vacuum chamber at the 
predetermined level. A rigid fluid collection reservoir, such as that described in U.S. Patent 
6,352,525 Bl, may be replaced with a standard blood collecting plastic bag. A batter- 
powered vacuum pump may be detached and the gas outlet of the vacuum chamber may be 
directly connected to a central vacuum line of a medical facility, or other vacuum source 
external to the vacuum chamber. 

In using a conventional chest drainage system, a conventional chest tube is inserted 
into the chest cavity through a surgically created incision and path. By contrast, a small 
bore drainage tube in accordance with the present invention is inserted into the body cavity 
using a percutaneous technique. First, for chest drainage, a needle punctures the chest wall 
and a guidewire is threaded through it. A small plastic sheath, e.g. 7F, is inserted into the 
chest cavity over the guidewire. After the guidewire is removed, a 7F drainage tube 101 is 
inserted into the chest cavity through the sheath. Then the plastic sheath is split while it is 
withdrawn from the body cavity, thus leaving the small bore drainage tube 101 in place. 
With the small bore drainage tube 101 in place, the output end of the connector 105 is 
connected to a vacuum chamber 201 using a standard connector tubing. In one application, 
a central vacuum source of a medical facility, typically capable of applying maximum of 
around 500 torr vacuum pressure, is connected to the gas outlet port 206 of the vacuum 
chamber 201. Such a central vacuum source includes a vacuum pressure gauge that allows 
a user to restrict the maximum vacuum pressure and to select a particular vacuum pressure. 
When gradual increase of vacuum pressure of the vacuum chamber 201 is desired, for 
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example, to let a collapsed lung re-expand slowly in the treatment of spontaneous 
pneumothorax, the vacuum pressure is gradually increased over a 15 to 30 minute period. 

Due to its high efficiency operating at high vacuum pressure, the present invention 
may advantageously reduce the incidence of subcutaneous emphysema (collection of air 
under the skin), unresolved pneumothorax, pleural effusion or cardiac tamponade. Because 
only a few sizes of the drainage tubes can take care of all indications, from air removal to 
blood evacuation after open heart surgery, inventory costs may advantageously be markedly 
reduced. Also a battery-powered portable vacuum pump allows for safer, more economical 
ambulatory care of medically stable patients with drainage tubes. The ambulatory care of 
these patients not only reduces medical costs but also avoids highly fatal hospital-acquired 
infections. 

The present invention may be embodied in other specific forms without departing 
from the essential characteristics as described herein. The embodiments described above 
are to be considered in all respects as illustrative only and not restrictive in any maimer. 
The scope of the invention is indicated by the following claims rather than by the foregoing 
description. Any and all changes which come within the meaning and range of equivalency 
of the claims are to be considered within their scope. 
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